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1. Age of Meteorites. 

( D i e t e r  Heymann and Agatha F r i s )  

The mass s p e c t r o m e t e r  was damaged d u r i n g  t h e  i n s t a l l a t i o n  

a new a i r  c o n d i t i o n i n g  sys tem.  We t o o k  advan tage  of t h i s  

e n f o r c e d  shutdown t o  make many mechanica l  changes i n  t h e  

i n s t r u m e n t  and a s s o c i a t e d  components. However, t h e  t o t a l  

down-time of t h e  i n s t r u m e n t  exceeded f o u r  months. 

A p r e l i m i n a r y  s t u d y  was made of r a r e  g a s e s  i n  a number 

of " p i g e o n i t e "  o r  " d i s e q u i l i b r i u m "  c h o n d r i t e s .  I t  was found 

t h a t  these meteorites have  c o n s i d e r a b l e  amounts of heavy 

p r i m o r d i a l  ra re  gases ( p l a n e t a r y  o r  f r a c t i o n a t e d  t y p e ) .  The 

amounts of A r 3 6  are  s imi l a r  t o  those found i n  ca rbonaceous  

c h o n d r i t e s .  T h i s  r e s u l t s  seems c o n s i s t e n t  w i t h  t h e  u n e q u i l i b r a t e d  

s t a t e  of t h e  major s i l i c a t e  m i n e r a l s  i n  these c h o n d r i t e s .  
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(Black  c h o n d r i t e s )  Rare g a s  s t u d i e s  of  b l a c k  h y p e r s t h e n e  

c h o n d r i t e s  were completed.  N i n e  of these m e t e o r i t e s  have 

U-He a g e s  of abou t  500 m.y.,  i n d i c a t i n g  a major o u t g a s s i n g  

e v e n t  of h y p e r s t h e n e  c h o n d r i t e s  a t  t h a t  t i m e .  T h e  r a r e  g a s  

work was supplemented  w i t h  m e t a l l o g r a p h i c  and X-ray s t u d i e s .  

I t  was found t h a t  b l a c k  hype r s thene  c h o n d r i t e s  a r e  r e p l e t e  w i t h  

r e h e a t i n g  and shock effects ,  In  m o s t  of these, t h e  m e t a l  was 

a p p a r e n t l y  heated i n t o  t h e  t a e n i t e  f i e l d .  On c o o l i n g  it  

t r a n s f o r m e d  t o  m a r t e n s i t i c  n i c k e l - i r o n  (a2, d i s t o r t e d  b. c .  c . )  

or p o l y c r y s t a l l i n e  k a m a c i t e ,  depending  on n i c k e l  c o n t e n t .  

A l l  t h e  s t r o n g l y  r e h e a t e d  c h o n d r i t e s  show e v i d e n c e  of l o c a l  

or widesp read  m e l t i n g  of FeS. T h e  Laue p a t t e r n s  of o l i v i n e  

show e v i d e n c e  of moderate shock  (preferred o r i e n t a t i o n )  or 

s t r o n g  shock  (random o r i e n t a t i o n ,  smooth r i n g s ) .  X-ray 

p a t t e r n s  o f  32 h y p e r s t h e n e  c h o n d r i t e s ,  i n c l u d i n g  b l a c k  a s  

w e l l  a s  v e i n e d  and b r e c c i a t e d  c h o n d r i t e s  show t h a t  there  

is a s t r o n g  c o r r e l a t i o n  between s h o c k - e f f e c t  ( g r a d i n g  from 

s p o t  p a t t e r n s  t o  p r e f e r r e d  o r i e n t a t i o n  t o  smooth r i n g s )  and 

U-He a g e s .  Our r e s u l t s  are  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  

m o s t  h y p e r s t h e n e  c h o n d r i t e s  s u f f e r e d  r e h e a t i n g  a f t e r  t h e  

major  metamorphic h e a t i n g  about  4 . 5  b.y .  ago;  t h a t  t h e  r e h e a t i n g  

was caused  by shock ;  t h a t  t h e  number of c o l l i s i o n s  (of  t h e  

p a r e n t  body) invo lved  was r e l a t i v e l y  s m a l l ,  pe rhaps  three or 

f o u r ;  and t h a t  t h e  l a r g e s t  of these c o l l i s i o n s  t o o k  p l a c e  abou t  

500 m.y. ago. 
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U-He and K-Ar  a g e s  were de termined  f o r  n i n e  h y p e r s t h e n e  

c h o n d r i t e s  of o l i v d n e  composi t ion  Fa26 i n  a n  a t t e m p t  t o  

e s t a b l i s h  whe the r  t h e  a p p a r e n t  a g e - d i f f e r e n c e  between 

a m p h o t e r i t e s  and h y p e r s t h e n e  c h o n d r i t e s  was r e a l  or f a l s e .  

T h e  former had been shown by us  t o  have s y s t e m a t i c a l l y  h ighe r  

a g e s .  Our r e s u l t s  s e e m  t o  s u g g e s t  t h a t  a m p h o t e r i t e s  a r e  

a d i s t i n c t  s u b c l a s s  of  o r d i n a r y  c h o n d r i t e s  t h a t  was n o t  

i n v o l v e d  i n  t h e  500 m.y. c o l l i s i o n  which  a f f e c t e d  t h e  hyper-  

s t h e n e  c h o n d r i t e s .  

2. M e t e o r i t e  O r b i t s  

A r n o l d ' s  computer program h a s  been used  t o  e s t i m a t e  

r e l a t i v e  c r a t e r  f o r m a t i o n  g r e q u e n c i e s  on Mars and the  Moon 

(Pape r  6 ) .  T h e s e  d a t a  s u g g e s t  t h a t  t h e  Mar t i an  s u r f a c e  

f e a t u r e s  are  younger  t h a n  had been p r e v i o u s l y  supposed .  

The program was mod i f i ed  t o  pe rmi t  a s t e p - b y - s t e p  

examina t ion  of t h e  o r b i t a l  changes.  I t  a p p e a r s  t h a t  i n t e r a c t i o n s  

w i t h  J u p i t e r  a r e  n o t  t r e a t e d  r e a l i s t i c a l l y ,  and t h a t  t h e  model 

c o n t a i n s  a b u i l t - i n  b i a s  a g a i n s t  l a r g e ,  e c c e n t r i c  o r b i t s .  

We a r e  a t t e m p t i n g  t o  correct t h e s e  d e f i c i e n c i e s  a t  p r e s e n t .  

I n  s p i t e  of t h i s  defec t ,  t he  p r e s e n t  program was used  t o  

g e n e r a t e  meteorite o r b i t s  from t w o  c l a s s e s  of p o t e n t i a l  

p a r e n t  b o d i e s :  no t  c o n s i d e r e d  by Arnold :  Mars-cross ing  and 

E a r t h - c r o s s i n g  (Apol lo)  a s t e r o i d s .  I t  t u r n s  o u t  t h a t  t h e  

A p o l l o  a s t e r o i d s ,  a l o n e  among a l l  c lasses ,  g i v e  a s a t i s f a c t o r y  
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match w i t h  bo th  t h e  age and v e l o c i t y  d i s t r i b u t i o n  of m e t e o r i t e s .  

Mars a s t e r o i d s  match v e l o c i t i e s  but no t  a g e s ;  t h e  Moon, 

ages  but  no t  v e l o c i t i e s ;  and t h e  r i n g  a s t e r o i d s ,  n e i t h e r .  

Wi th  t h e  improved computer program, these c a l c u l a t i o n s  may 

w e l l  y i e l d  h i g h l y  s i g n i f i c a n t  c l u e s  to  t h e  o r i g i n  of m e t e o r i t e s .  

3. P r e b i o l o g i c a l  Organic  Mat te r  

( R y o i c h i  Hayatsu,  Mart in  H. S t u d i e r ,  and Atsuko Oda) 

We had p r e v i o u s l y  shown (Paper 5) t h a t  t h e  t r a p p e d  v o l a t i l e s  

i n  carbonaceous  c h o n d r i t e s  g r o s s l y  resembled a n  e q u i l i b r i u m  

d i s t r i b u t i o n  i n  a c a r b o n - r i c h  C-H-0 mix tu re .  W e  t h e r e f o r e  

proposed t h a t  t h e  o r g a n i c  compounds i n  m e t e o r i t e s  formed i n  

t h e  s o l a r  nebula  under  n e a r - e q u i l i b r i u m  c h o n d i t i o n s ,  d u r i n g  

r a p i d  c o o l i n g  of a g a s  phase d e p l e t e d  i n  hydrogen. 

I n  an e x p e r i m e n t a l  tes t  of t h i s  h y p o t h e s i s ,  w e  found t h a t  

s t o n y  and i r o n  meteorites c a t a l y z e  t h e  r e a c t i o n  between CO and 

H2, 
hydrogen-r ich  m i x t u r e s  approaching  cosmic compos i t ion ,  a l i p h a t i c  

and a r o m a t i c  hydrocarbons a r e  produced i n  a m a t t e r  of minutes  

a t  t e m p e r a t u r e s  between 20°C and 580°C. When these hydrocarbons 

a r e  p a r t i a l l y  e q u i l i b r a t e d  by s u s t a i n e d  r e h e a t i n g ,  t h e y  match 

t h e  hydrocarbon d i s t r i b u t i o n  i n  carbonaceous  c h o n d r i t e s  i n  a l l  

i m p o r t a n t  r e s p e c t s .  A manuscript  d e s c r i b i n g  t h i s  work is i n  

p r e p a r  a t i o n .  

t h e  p r i n c i p a l  c o n s t i t u e n t s  of a ho t  cosmic g a s .  Even i n  
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2.  O r i g i n  of Meteorites 

(John A .  Wood and B e t t y  N i e l s e n )  

The  pape r  on t h e  m e t a l  phase i n  c h o n d r i t e s  is p r e s e n t l y  

b e i n g  t y p e d .  The  a b s t r a c t  fol lows:  

"Metal g r a i n s  i n  34 c h o n d r i t e s  were s t u d i e d  m i c r o s c o p i c a l l y  

and by e l e c t r o n  microprobe  a n a l y s i s .  T a e n i t e  and kamac i t e  

c r y s t a l s  i n  o r d i n a r y ,  u n e q u i l i b r a t e d  o r d i n a r y ,  and t y p e  I11 

ca rbonaceous  c h o n d r i t e s  e x h i b i t  t h e  same c o m p o s i t i o n a l  inhomo- 

g e n e i t i e s  p r e v i o u s l y  obse rved  i n  o c t a h e d r i t e s .  I t  is shown 

t h a t  t h e  m e t a l  g r a i n s  evo lved  i n  s i t u  t o  t h e i r  p r e s e n t  form 

d u r i n g  c o o l i n g  from metamorphic t e m p e r a t u r e .  C o r r e l a t i o n s  

-- 

e x i s t  between t h e  d imens ion  and c e n t r a l  N i  c o n t e n t  of t a e n i t e  

and kamac i t e  c r y s t a l s  i n  many c h o n d r i t e s ,  making it p o s s i b l e  

t o  deduce  t h e  r a t e s  a t  which  t h e  c h o n d r i t e s  cooled by t h e  same 

t e c h n i q u e  p r e v i o u s l y  a p p l i e d  t o  o c t a h e d r i t e s .  Ord ina ry  c h o n d r i t e s  

cooled t h r o u g h  5 0 0 ° C  a t  l - l 0 " / m i l l i o n  y e a r s ,  t h e  o ther  t y p e s  

no ted  above a t  0.2-0.6"/m.y. Heat f l o w  c a l c u l a t i o n s  show t h a t  

these c o o l i n g  r a t e s  would have o b t a i n e d  i n  sites r e s p e c t i v e l y  

20-150 k m  deep  i n  p l a n e t s  of 290 k m  r a d i u s ,  and 60-200 k m  

deep  i n  2200 k m  r a d i u s  p l a n e t s .  Some of t h e  p r o c e s s e s  t h a t  

would have o c c u r r e d  d u r i n g  metamorphism a r e  d i s c u s s e d ,  e s p e c i a l l y  

losses of g a s  and c e r t a i n  t r a c e  e l e m e n t s .  
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Type I1 carbonaceous  c h o n d r i t e s  appea r  t o  c o n t a i n  no 

high-Ni m e t a l  g r a i n s .  T h e i r  p r o p e r t i e s  a r e  c o n s i s t e n t  w i t h  

t h e  t h e o r y  t h a t  t h e y  r e p r e s e n t  unmetamorphosed p r i m o r d i a l  

p l a n e t a r y  m a t t e r .  D i s t i n c t  d i f f e r e n c e s  a r e  shown t o  e x i s t  

between m e t a l  g r a i n s  i n  t h e  l i g h t  and d a r k  components of 

P a n t a r - t y p e  ( g a s - r i c h )  c h o n d r i t e s ,  e v i d e n c e  t h a t  t h e y  evolved  

i n  wide ly  s e p a r a t e d  s i t e s .  S e v e r a l  c h o n d r i t e s  t h a t  appea r  

t o  have  been r e h e a t e d  ( a s  f o r  example by shock compress ion  d u r i n g  

i n t e r p l a n e t a r y  c o l l i s i o n s )  a r e  d e s c r i b e d ,  and t h e  m e t a l l o -  

g r a p h i c  changes  wrought by v a r i o u s  d e g r e e s  of r e h e a t i n g  

a r e  n o t e d .  A model f o r  c h o n d r i t e  f o r m a t i o n  and e v o l u t i o n  t h a t  

embraces  a l l  these e f fec ts  is p r e s e n t e d  (Sec.  71.” 


